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JJ^ (54) Title: PUCK-BASED INPUT DHVICF. WITH ROTATION DFTRCTTON 
O 

(57) Ab.stract: The present invention includes a pointing device (10, 60) having a first surface (12) on which a puck field of motion 
O (19) is defined, a moveable puck (11), and a position detector (93). The moveable puck (11) is confined to move on the first surface 
O (12) within the puck field of motion (19). The position detector (93) determines a position of the puck (II) in the puck field of 
^ motion (19) and an angle of rotation of the puck (11) about an axis perpendicular to the first surface (12). In on embodiment, the 
^ puck (11) includes a puck electrode (65, 66) on a second surface on (he puck (1 1) that is parallel to the first surface (12). The first 
^ surface (12) includes first, second, and third electrodes (51-53) that are parallel to the puck electrode (65, 66), the puck electrode 

(65, 66) overlying a portion of each of the first, second, and third electrodes (51-53). 
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Puck-Based Input Device with Rotation Detectioa 

Background of the Invention 

5 Modem computer operating systems and graphics programs require a pointing device 

for controlling the position of a cursor on the computer display. Likewise, handheld devices 
such as personal information managers and cell phones would also benefit from the inclusion 
of such a pointing device. For desktop PCs, the most successful pointing device is tiie 
"mouse". A mouse is a hand held object that is moved over a flat surface near the keyboard 

1 0 to control the motion of a cursor on the computer display. The direction and distance over 
which the mouse is moved determines the direction and distance the cursor moves on the 
display. A conventional mouse pipvides a rigid object that a user can move with great 
precision. For a desktop computer, the mouse provides a satisfactory solution to the pointing 
problem. On the occasion when the workspace is not large enough to provide a path over 

1 5 which the mouse can move and accommodate a desired cursor movement on the screen, the 
user simply picks up the mouse and recenters the mouse in the workspace. 

hi addition to providing the above-described pointing fiinction, the mouse has evolved 
to include additional buttons and wheels that are used to provide other forms of input to the 

20 computer. For example, most mouse designs now provide a second button for signaling an 
application specific action such as displaying a menu fi-om which the user can select other 
functions, hi addition, a scroll wheel is provided in many designs. The scroll wheel is used 
to scroll text on the screen or control other multi-valued functions in specific applications. 
For example, the zoom level in many graphics programs can be increased or decreased by 

25 rotating the scroll wheel. 

While the mouse has provided a satisfactory solution to the pointing device problem 
in the desktop PC market, a similarly successful device is not available for portable and hand- 
held computers. These computers are often used in environments that lack a sufficiently large 
30 flat surface near the keyboard over which a mouse can be moved. In addition, the need to 
carry a separate pointing device makes the mouse less than ideal for these applications. 
Hence, some other form of pointing device is needed when these computers are used in such 
environments. 
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A pointing device for use in these environments must solve die problem of moving a 
cursor quickly and accurately, bi addition, the device must operate in an intuitive fashion diat 
a novice user can comprehend without extensive instruction. In addition, the pointing device 
5 must operate in a limited workspace and fit within the form factor of the computer or hand 
held device. Finally, the usual constraints of low cost, low power consumption and high 
reliability must also be met 

Currently, there are two dominant solutions to the pointing device problem in the 
10 laptop marketplace, the Synaptics capacitive TouchPad™ and the BM TrackPoint™. Other 
companies make versions of these devices with similar functionality. Both of these devices 
fall far short of satisfying the above requirements. The TrackPoint™ is a small button that is 
typically placed in the center of the laptop keyboard. TTie button may be moved in a manner 
analogous to a "joy stick" by applying a lateral force to the top of the button with a fmger. 
1 5 Unfortunately, the button can only move a small amount; hence, the displacement of the 
button cannot be mapped directly into a displacement in the cursor position on the computer 
display. Instead, the button displacement controls the direction and speed with which the 
cursor moves. The accuracy with which a user can position the cursor using this type of 
velocity control is significantly less than that achieved with a conventional mouse. TTiis 
20 limitation is particularly evident in tasks that require small, precise movements such as 
drawing in a computer graphics program. 

The TouchPad™ is a blank rectangular pad, two to four inches on a side, typically 
placed below the keyboard of most laptops. The device senses the position of a finger on the 
25 surface of the rectangle relative to the edges of the device. This sensing is accomplished by 
measuring the capacitance changes introduced by a user finger on a series of electrodes 
beneath an insulating, low-friction material. 

Like the TrackPoint™, the TouchPad™ also suffers from lack of precision. It is 
30 inherently difficult to measure the capacitive changes introduced by the user, who is at an 

unknown potential relative to the circuit. Furthermore, the contact area of the user's finger is 
relatively large. Hence, to provide an accurate measurement of the finger position, the device 
must determine some parameter such as the center of the contact area between the finger and 
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the pad. Unfortunately, the contact area varies in size and shape with the pressure applied by 
the user. Such determinations are, at best, therefore, of limited precision. In practice, users 
are unable to repeatably execute precise movements. 

5 There are also difficulties arising from felse signals when the user inadvertently 

touches the pad with a finger or a wrist In some devices, the "clicking" function of a 
conventional mouse is implemented by tapping on the pad. As a result, such inadvertent 
activation during typing causes the cursor to jump to a new location in the middle of the 
typing operation and the text being inserted at the new location. 

10 

In previously filed US patent application 10/723,957, which is hereby incorporated by 
reference, a pointing device that meets tiiese requirements is described. The pointing device 
utilizes a puck that moves in a defined field of motion when a user applies pressure to the 
puck via the user's fmger. When the user releases the puck, a set of springs returns the puck 

IS to its centered position within the field of motion. The position of the puck and the pressure 
on the puck are determined by electrodes in the device. The poshion information is used to 
position a cursor on the display screen. Sofhvare on the attached device translates the motion 
of the puck during the time the user's finger is pressing on the puck into the appropriate 
cursor motion on the device's display. When the user releases the puck, the coupling between 

20 the puck and the cursor position is broken by the software, and hence, the cursor does not 
move backwards while the puck is being recentered. 

While the device taught in the above-described patent application provides significant 
advantages over the dominant prior art solutions to the pointing device problem in the laptop 
25 marketplace, there are a number of areas in which improvements would be usefiil. In 
particular, this puck-based pointing device would benefit from the inclusion of additional 
input functions that provide the functionality of the scroll wheels discussed above. 

Summary of the Invention 

30 

The present invention includes a pointing device having a first surface on which a 
puck field of motion is defined, a moveable puck, and a position detector. The moveable 
puck is confined to move on the first surface within the puck field of motion. The position 
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detector determines a position of the puck in the puck field of motion and an angle of rotation 
of the puck about an axis perpendicular to the first surface. In one embodiment, the puck 
includes a puck electrode on a second surface on the puck that is parallel to the first surface. 
The first surface includes first, second, and third sense electrodes that are parallel to the puck 
5 electrode, the puck electrode overlying a portion of each of the fu^t, second, and third sense 
electrodes. In one embodiment, the position detector includes a circuit for measuring the 
capacitance between the puck electrode and each of the first, second, and third electrodes. In 
one embodiment, the puck electrode includes a planar layer of conducting material having a 
shape that is not rotationally symmetric about any axis through the puck and perpendicular to 

1 0 the first surface. In one embodiment, the puck electrode includes a planar layer of conducting 
material having a shape that is circularly symmetric about an axis perpendicular to the planar 
layer, and the planar layer is divided into first and second sections that are separated fix)m one 
another, at least one of said sections being asymmetric. For example, the first section is not 
circularly symmetric about the axis. In one embodiment, a finger sensing electrode is 

I S included in the puck. The finger sensing electrode includes a conducting layer overlying the 
puck electrode and is moveable with respect thereto. The position detector includes a circuit 
for measuring the capacitances between the puck electrode and each of the finger sensing 
electrode, the first electrode, the second electrode, and the third electrode. 

20 Brief Description of the Drawings 

Figure 1 is a top view of pointing device 10. 

Figure 2 is a cross-sectional view of pointing device 10 through line 2 - 2 shown in 
25 Figure 1. 

Figure 3 is a top view of a portion of the surface shown in Figure 1 over which the 
puck moves in one embodiment of the present invention. 

30 Figure 4 is a schematic drawing of an equivalent circuit for electrodes 5 1-55. 

Figure 5 illustrates an arrangement where the electrode arrangement is intentionally 
asymmetric to provide a measurement of the puck rotation. 
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Figure 6 is a cross-sectional view of the pointing device such as that shown in Figure 
S through line 6-6. 

S Figure 7 is a schematic drawing of a circuit for measuring the various capacitances. 

Detailed Description of the Preferred Embodiments of the Invention 

The manner in which the present invention provides its advantages can be more easily 
10 understood with reference to Figures 1 and 2, which illustrate a pointing device 10 according 
to one embodiment of the invention taught in the above-described patent application. Figure 

I is a top view of pointing device 10, and Figure 2 is a cross-sectional view of pointing device 
10 tiirough line 2-2 shown in Figure 1. Pointing device 10 includes a puck 1 1 that moves 
over a surface 12 of a substrate 15 within a puck field of motion 19 in response to a lateral 

15 force applied to puck 1 1. The force is typically applied to puck 1 1 by a user's finger. Puck 

I I includes a pressure sensing mechanism that measures the vertical pressure applied to puck 
1 1 . When the sensed pressure exceeds a predetermined threshold, the cursor tracking 
function is activated and the cursor moves on the screen in a direction and distance 
determined by the motion of the puck. In addition, pointing device 10 includes a sensing 

20 mechanism for determining the position of puck 1 1 on surface 12. 

When the user releases puck 1 1 by removing the user's finger 16, puck 11 is returned 
to its centered position by the springs shown at 13 that connect the puck to the side 14 of the 
puck field of motion. Since the user's finger is not applying a vertical force to puck 1 1 during 

25 its return, the change in position associated with that return motion is not reported to the host 
device. That is, the cursor remains at its previous location. This provides a convenient "re- 
centering" capability, typically achieved on a mouse by lifting and replacing the mouse at the 
center of the field of motion. Re-centering is particularly necessary in laptop computers, 
hand-held devices and other miniature applications in which the field of motion is 

30 constrained. 

The above-described patent application teaches a number of mechanisms for 
measuring the pressure exerted by the user on the puck, and hence, these mechanisms will not 
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be discussed in detail here. For the purposes of this discussion, it is sufficient to note that a 
puck having a top surface that can move relative to the bottom surface can be utilized. The 
top surfece is held in place by a spring mechanism. When the user applies pressure to the top 
surface, the top surface moves toward the bottom surface by an amount that depends on the 
5 applied pressure. The distance between the top and bottom sur^s of die puck is measured 
utilizing one of a number of methods. For example, the top and bottom surfaces of the puck 
can include conducting layers that form a parallel plate capacitor. The capacitance of this 
capacitor depends on the distance between the plates, and hence, a measurement of the 
capacitance provides a measurement of the pressure applied by the user. 

10 

The manner in which the position of the puck is sensed in one embodiment is 
described in detail in the above-identified patent application, and hence, will not be discussed 
in detail here. For the purposes of this discussion, it will be assumed that a capacitive sensing 
scheme can be utilized to determine the puck's position. Such a scheme is illustrated in 

1 5 Figure 3, which is a top view of a portion of sur&ce 12 shown in Figure I over which the 

puck moves in one embodiment of the present invention. Surface SO includes four electrodes 
shown at S1-S4 having terminals that are connected to an external circuit. To simplify the 
drawing, these terminals have been omitted. The puck has a bottom surface that includes an 
electrode 55 that is shown in phantom in the drawing. Electrodes 51-55 are electrically 

20 isolated from one another. For example, electrode 55 can be covered with a layer of dielectric 
that provides the required insulation while still allowing electrode 55 to slide over the other 
electrodes. The electrodes can in fact be patterned on the back of the substrate whose surface 
is shown at 50. This reduces the capacitance between the electrodes and die puck electrode, 
but can be practical for substrate thicknesses of a few millimeters or less. The overlap 

25 between electrode 55 and each of electrodes 51-54 depends on the position of the puck 

relative to electrodes 51-54. Denote the overlaps between electrode 55 and electrodes 51-54 
by A-D, respectively. 

Refer now to Figure 4, which is a schematic drawing of an equivalent circuit for 
30 electrodes 51-55. The portion of electrode 55 that overlaps electrode 5 1 forms a parallel plate 
capacitor having a capacitance that is proportional to overlap A. Similarly, the portion of 
electrode 55 that overlaps electrode 52 forms a parallel plate capacitor that has a capacitance 
that is proportional to overlap B, and so on. Since all of the capacitors share portions of 
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electrode SS, the equivalent circuit consists of four capacitors connected to a common 
electrode shown at 58. This electrode is just electrode 55. Hence, by measuring the 
capacitance between electrode 55 and each of electrodes 51-54, the position of electrode 55 
relative to electrodes 51-54 can be determined. This determination can be made by a 
5 controller 59, which may be part of the pointing device or part of the host device of whidi the 
pointing device forms a part. 

In the embodiments discussed above, the electrode on the bottom of the puck is 
preferably circular in shape to reduce errors arising from the shape of the electrode. The 

10 restoring springs allow the puck to rotate somewhat. If the user's finger is not centered on the 
puck during the motion of the puck, the resultant torque can cause the puck to rotate slightly. 
If the puck electrode is circularly symmetric, such rotations will not alter the position 
measurement. If, on the other hand, the puck electrode is not circularly symmetric, the degree 
of overlap between the puck and the various electrodes will be different for different 

1 5 rotations, even though the center of the puck is at the same location in each case. 

The present invention is based on the observation that such asymmetric electrode 
designs can be used to measure the orientation of the puck, which can be useful information 
for cursor control or additional functions. For example, the puck rotation can be measured 
20 and used to implement an additional function such as scrolling. The rotation of the puck in 
gaming actions can be used to rotate an object in the game. For example, in a game in which 
an army tank moves about a field of battle, the puck rotation can be used to control the 
direction of the turret on the tank. 

25 To provide a measurement of the puck rotation, the electrode arrangement is 

intentionally asymmetric. Refer now to Figure 5, which illustrates one such arrangement. 
Pointing device 60 includes 4 electrodes 5 1-54 that are located on the bottom of the field of 
motion 61. The puck electrode is divided vertically into two halves shown at 65 and 66. The 
capacitance between each of the electrodes on the sur&ce and each of the puck electrodes is 

30 then measured. Both the position and rotation can be computed from these capacitance 
measurements. The rotation information can then be used to implement scrolling or some 
other feature. 
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As noted above, some puck rotation can occur during the normal motion of the puck. 
If this is a problem, the rotational information can be restricted to rotations that occur when 
the puck is at or near its resting position. In this regard, it should be noted that the return 
springs will also return the puck to a predetermined orientation. 

5 

In one embodiment of the present invention, the two halves of the puck electrode are 
designed such that the electrode obtained by electrically connecting the halves has a 
rotationally symmetric shape. In this case, the circuit arrangement shown in Figure 3 can be 
utilized to determine the puck position by electrically connecting the halves during the 
10 position measurement. The same measurements can be repeated first with one half 

disconnected and then with the other half disconnected to provide the rotational information. 

The above-described embodiments utilized a puck electrode that was split into two 
portions. However, other electrode designs can be utilized. The capacitive measurements 

15 may be viewed as providing the area of the puck electrode that overiaps each of die sense 

electrodes in the field of motion. These overlap measurements must provide the displacement 
of the puck from some point of reference and the rotation of the puck about an axis on the 
puck. For simplicity, the displacement will be specified in Cartesian coordinates (x,y), and 
the rotation angle will be specified by A. Accordingly, there must be at least three sense 

20 electrodes. In addition, the electrodes shape and position must be such that both the x and y 
displacements can be determined. For example, if all of the electrodes have the same shape 
and are aligned on a line in the x-direction, the y displacement could not be determined. 

The shape of the puck electrode preferably satisfies two conditions if each possible 
25 position and rotation is to be detectable. First, the shape of the electrode must not be 

circularly symmetric about any axis in the field of motion. If this condition is not met, there 
may be a (x, y. A) set of values that provides the same overlap values as another (x, y. A) set. 
In addition, the puck electrode must overiap all of the sense electrodes for each possible puck 
location and rotation. In embodiments in which the puck electrode is small compared to the 
30 field of motion, more than three sense electrodes may be used to cover the surface of the field 
of motion. In such embodiments, it is sufficient that the puck electrode overlaps three of 
these electrodes, provided these three electrodes are not arranged in a straight line. If these 
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conditions are not met, operable pointing devices can still be constructed; however, the 
pointing devices may produce erroneous results at some locations. 

As noted above, the pressure on the top surface of the puck is used to detect the 
S presence of the user's finger and to simulate a "clicking" operation analogous to that used in a 
conventional mouse to signal the program that the present location of the cursor controlled by 
the puck is to be used for some fimction. For example, the click is used to signal the data 
processing system that the item of a list on the screen to which the cursor is now pointing 
should be selected. It should be noted that the same capacitive measuring system discussed 
1 0 above for determining the position and rotation of the puck can also be used to measure the 
pressure exerted by the user on the puck. 

Refer now to Figure 6, which is a cross-sectional view of the pointing device such as 
that shown in Figure S through line 6-6. Pointing device 80 utilizes a puck 81 having a top 

1 S electrode 82 suspended on springs 84 above the bottom surface of puck 81 on which 

electrodes 65 and 66 are located. In this embodiment, electrode 82 is prevented fiom leaving 
puck 8 1 by flange 83 in the outer shell 85 of puck 8 1 . When the user pushes on electrode 82, 
electrode 82 moves toward electrodes 65 and 66 a distance that depends on the force applied 
to electrode 82. Hence, the distance between electrode 82 and electrode 65 or 66 provides a 

20 measure of the applied force. This distance is determined by measuring the capacitance of a 
capacitor formed by electrode 82 and one or both of electrodes 65 and 66. 

As noted above, the position of puck 81 in the field of motion and the rotation of puck 
81 can also be determined by measuring capacitances. In this case, the c^acitances are those 

25 between electrodes 65 and 66 and electrodes 5 1 -54. Refer now to Figure 7, which is a 

schematic drawing of a circuit for measuring the various capacitances. It should be noted that 
electrodes 65 and 66 can be connected separately to the input of op-amp 92 or together, 
depending on the particular capacitance that is being measured. The particular one of these 
electrodes that is connected to the op-amp is determined by controller 93 via multiplexer 96. 

30 To simplify the drawing, the particular connections from the controller to the multiplexer and 
the electrodes have been omitted. For the purpose of this discussion, it will be assumed that 
electrode 65 is connected. When reset switch 95 is first closed, sense electrode 65 and the 
output voltage Vqut are forced to the potential Vref- After the reset switch is reopened, a 
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drive voltage Vi is applied to one of electrodes 5 1 -54, 65, or 82 by controller 93. Consider a 
measurement on electrode 51. Charge will develop across the relevant capacitor according to 
Qi = Ci(Vi-Vref), where C| is the capacitance of the capacitor formed by electrode 65 and 
electrode 5 1 . Since no charge can move onto or off of the sense electrode 65, the op-amp will 
5 apply a voltage across feedback capacitor 94 to keep electrode 65 at potential Vref- Thus 
Vout-Vref = C|/Cref(Vref-Vi), where Cref is the capacitance of capacitor 91. By 
sequentially making such measurements on each of the driven electrodes, the position of the 
puck, the rotational angle of the puck, and the pressure being applied to the finger sensor can 
be ascertained. This circuit is advantageous for this application because it allows numerous 
1 0 capacitance measurements to be made using a single op-amp and simple digital drive signals. 

The signals derived for the location and rotation are then forwarded to the data 
processing system 97 attached to the pointing device to control the location of cursor 1 02 
and/or other features on display 98 attached to the data processor. For example, the angle of 
15 rotation can be used to rotate a selected object such as object 99 displayed on the display or to 
operate the scroll bar 101 on a window 100 shown on the display. 

Various modifications to the present invention will become apparent to those skilled 
in the art from the foregoing description and accompanying drawings. Accordingly, the 
20 present invention is to be limited solely by the scope of the following claims. 
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WHAT IS CLAIMED IS: 

1 . A pointing device[10, 60], comprising: 

5 a first surfece[12] having a puck field of motion(19] defined thereon; 

a moveable puck[l I] confined to move on said first surface[12]; and 

a position detector[93] that determines a position of said puck[l 1] in said puck field 
1 0 of motion[ 1 9] and an angle of rotation of said puck[ 1 1 ] about an axis perpendicular to said 
surface. 

2. The pointing device[10, 60] of Claim 1 wherein said puck[l I] comprises a puck 
electrode[65, 66] on a second surfece on said puck(1 1] that is parallel to said first surface[12], 
wherein said first surface[12] comprises first, second, and third sense electrodes[Sl-S3] that 
are parallel to said puck electrode[6S, 66], said puck electrode[65, 66] overlying a portion of 
each of said first, second, and third sense eIectrodes[Sl-S3]. 

3. The pointing device[tO, 60] of Claim 2 wherein said position detector[93] 
comprises a circuit[92, 94, 93] for measuring the capacitance between said puck electrode[6S, 
66] and each of said first, second, and third sense electrodes[Sl-S3]. 

4. The pointing device[10, 60] of Claim 2 wherein said puck electrode[65, 66] 
comprises a planar layer of conducting material having a shape that is not rotationally 
symmetric about any axis through said puck[l 1] and perpendicular to said first surface[12]. 

5. The pointing device[10, 60] of Claim 2 wherein said puck electrode[65, 66] 
comprises a planar layer of conducting material having a shape that is circularly symmetric 
about an axis perpendicular to said planar layer, said planar layer being divided into first and 
second sections[6S, 66] that are separated from one another. 

30 

6. The pointing device[lO, 60] of Claim 5 wherein said first section[6S] is not 
circularly symmetric about said axis. 
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7. The pointing device[10, 60] of Claim 1 further comprising a finger sensing 
eIectrode[82] comprising a conducting layer overlying said puck electrode[6S, 66] and being 
moveable with respect thereto, and wherein said position detector[93] comprises a circuit[92, 
94, 95, 96] for measuring the capacitances between said puck eIectrode[65, 66] and each of 

5 said finger sensing eIectrode[82], said first electrode[S 1 ], said second electrode[S2], and said 
diird electrode[S3]. 

8. A method for operating a display[100] comprising: 

10 providing a pointing device[10, 60] comprising a moveable puck[1 1]; 

periodically determining a position and rotation for said puck[l I]; 

moving a cursor[I02] on adisplay[100] in response to a change in said position from 
1 5 a previously determined position; and 

changing another aspect[99, 101] of said display[100] in response to a change in said 
rotation of said puck[l 1] from a previously determined rotation. 

20 9. The method of Claim 8 wherein said display[100] includes a scroll bar[101] and 

wherein said change in rotation operates said scroll bar[101]. 

10. The method of Claim 8 wherein said display[100] includes an obJect[99] and 
wherein said change in rotation causes said object[99] to rotate through an angle. 

25 

11. The method of Claim 10 wherein said angle is determined by said change in 
rotation. 
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